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Fatal Vasculitis (Periarteritis Nodosa) of the Coronary Arteries: 
Angiographic Ambiguities and Absence of Aneurysms at Autopsy 
RANDAL S. CASSLING, MD, JOHN B. LORTZ, BS, DANIEL R. OLSON, MD, 
THEODORE F. HUBBARD, MD, BRUCE M. McMANUS, MD, PHD, FACC 
Omaha, Nebraska 
A 30 year old man died during coronary artery bypass 
grafting for presumed premature atherosclerotic coro-
nary disease. Autopsy revealed vasculitis with charac-
teristics of periarteritis nodosa of the coronary arteries 
Periarteritis nodosa is a necrotizing vasculitis involving many 
organ systems. Since the classic description by Kussmaul 
and Maier (1) in 1866, periarteritis nodosa has become 
recognized for its variety of clinical forms. Today, the di-
agnosis of periarteritis nodosa during a clinically visible 
episode is based on angiographic evidence of aneurysms 
and, ultimately, on the findings of a characteristic necro-
tizing vasculitis of small and medium-sized muscular ar-
teries at autopsy. Involvement of the coronary arteries by 
periarteritis nodosa during life, either isolated or as part of 
a systemic arterial vasculitis, has rarely been documented. 
An inferential clinical diagnosis (2,3) of periarteritis nodosa 
has been made from aneurysms visualized on coronary an-
giograms. The clinical diagnosis of coronary involvement 
by periarteritis nodosa remains elusive, with the actual fre-
quency of involvement being much higher when patients 
are subsequently studied at autopsy (4-8). In this report, 
we describe the clinical, angiographic and autopsy features 
of a patient with vasculitis of the coronary arteries with 
characteristics of periarteritis nodosa. The clinical diagnosis 
was occlusive atherosclerotic coronary disease with the 
coronary arteries having neither angiographic nor anatomic 
evidence of aneurysms. 
Case Report 
Clinical history. A 30 year old white man, followed up 
for 2 years because of suspected premature ischemic heart 
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with severe luminal narrowing, but without aneurysms. 
This is the first report of a patient with these findings 
studied angiographically and at autopsy. 
(J Am Coli Cardiol 1985;6:707-14) 
disease, died intraoperatively after the anastomosis of coro-
nary artery bypass grafts. The patient had first noted inter-
mittent chest pain associated with physical exertion in cold 
winter weather approximately 20 months before death. The 
episodes remitted spontaneously until the following winter. 
After evaluation by a physician, the patient was advised to 
undergo an exercise treadmill test, but again the episodes 
cleared spontaneously. The patient continued to do well until 
approximately I month before death when he had sudden 
onset of palpitation without chest pain. Atrial fibrillation 
was present on the electrocardiogram and after pharma-
cotherapy sinus rhythm was reestablished. Subsequently, a 
strongly positive ischemic response was obtained during an 
exercise tolerance test. 
Past medical history was significant only for intermittent 
migraine headaches and an 8 pack-year cigarette smoking 
history. The patient had stopped smoking 4 years before 
onset of intermittent chest pain. Family history was signif-
icant for the presence of suspected atherosclerotic coronary 
artery disease in his 50 year old mother. 
On physical examination, the patient was obese with a 
blood pressure of 130170 mm Hg and a pulse of 55 beats/min. 
Normal heart sounds without murmurs and full peripheral 
pulses (4 + /4 + ) were noted on cardiovascular examination. 
Blood chemistry profile, complete blood count and urinal-
ysis were normal. The serum cholesterol was 238 mg/dl and 
the triglyceride level 84 mg/dl. An electrocardiogram at rest 
and chest X-ray film were considered normal. 
Coronary angiography. Selective coronary angiogra-
phy 2 weeks before death revealed a normal left main coro-
nary artery. A 1.5 cm smooth-margined, progressively nar-
rowed segment of the proximal left anterior descending artery 
and a long narrowed segment of the second diagonal branch 
were present (approximately 80% diameter reduction) (Fig. 
Ib). A 98% diameter reduction at the origin of the first 
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diagonal branch and a smoothly progressive 80% diameter 
reduction of the proximal right coronary artery also were 
evident (Fig. la and b). Several areas of normal vessel 
caliber were visualized both proximal and distal to the in-
volved areas. The ejection fraction was estimated at 65%. 
The patient underwent coronary bypass grafting to the 
left anterior descending, first diagonal, left circumflex mar-
ginal and right coronary arteries. At completion of the pro-
cedure, he could not be separated from cardiopulmonary 
bypass and atrial and ventricular fibrillation ensued, with 
subsequent fatal cardiac arrest. 
Autopsy findings. At autopsy, pulmonary edema and 
acute tubular necrosis were present. No gross or microscopic 
vasculitis was evident in any organ other than the heart. 
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Figure 1. Coronary angiograms in right anterior 
oblique view. a, Right coronary system; b, left 
coronary system. Arrows mark areas of progressive 
luminal narrowing, most severe at the origin of the 
right marginal branch (RM) (a) and in proximal left 
anterior descending artery (LAD) (b). No aneu-
rysms are present, and the distal vessels appear 
uninvolved. LM = left main coronary artery; R = 
right coronary artery . 
The finding of vasculitis in the coronary arteries was un-
expected. Examination of the brain was not permitted, but 
historically no signs or symptoms indicative of nervous sys-
tem involvement by vasculitis were present. 
The heart weighed 380 g (normal <400 g). The four 
newly placed saphenous vein bypass grafts were patent. The 
epicardium was moderately thickened by fibrous tissue in a 
patchy distribution, and multiple regions of marked adven-
titial fibrous thickening were present in the proximal left 
anterior descending coronary artery and in multiple sites 
along the course of the right coronary artery (Fig. 2a). The 
lumen of the coronary arteries at sites of maximal adventitial 
thickening and coronary wall thickness were markedly nar-
rowed (Fig. 2b and 3). 
Figure 2. Epicardial coronary arteries. a, Epicar-
dial coronary tree after removal from heart and sec-
tioning. Large differences in vessel diameter are 
noted between involved and uninvolved regions. b, 
Transverse sections of right coronary artery denoted 
by two large arrows in a. Areas with largest ex-
ternal diameter correspond to areas of the most 
marked luminal narrowing of coronary artery seg-
ments (see Fig. 3, Table I). LAD = left anterior 
descending coronary artery, LC = left circumflex 
coronary artery, (. . . . . . .) = four saphenous vein 
grafts. Other abbreviations as in Figure 1. 
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Figure 3. Photomicrographs of segments of epi-
cardial coronary arteries (Movat stain, magnifica-
tion X 4.8, reduced by 39%). Selected 4 mm sec-
tions of the major epicardial vessels highlight the 
segmental involvement by periarteritis nodosa. a = 
marked perivascular and adventitial inflammation 
and fibrosis; b = luminal narrowing due to intimal 
proliferation, lymphoplasmocytic infiltrate and 
thrombus; c = uninvolved artery segment. Abbre-
viations as in Figures 1 and 2. 
Cross-sectional luminal narrowing of 47 available 4 mm 
epicardial coronary artery segments stained with Movat's 
pentachrome (Table 1) was most severe (>75% cross-
sectional area reduction) in the left anterior descending coro-
nary artery (7 [27%] of 26 segments) and in the right coro-
nary artery (2 [14%] of 14 av&ilable segments). Overall, 9 
(19%) of 47 epicardial coronary artery segments were nar-
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rowed more than 75%. The left circumflex coronary artery 
was less involved with a maximal cross-sectional area re-
duction of 51 to 75%. A total of 57% of the measured 
segments had less than 25% cross-sectional luminal nar-
rowing. The normal gross appearance of the minimally nar-
rowed segments reflected the patchy involvement of the 
coronary arteries. The sites of narrowing visualized angio-
Table 1. Number and Percent of 4 mm Segments of the Four Major Epicardial Coronary 
Arteries Narrowed to Various Degrees in Cross-sectional Area 
No. of 4 mm Segments Narrowed to Various Degrees (%) in 
Coronary No. of Segments 
Cross-sectional Area 
Artery Examined o to 25 26 to 50 51 to 75 76 to 95 96 to \00 
Left main 0 0 0 0 
Left anterior 26 15 4 0 7 0 
descending 
Left circumflex 6 4 0 2 0 0 
Right 14 7 4 I 2 0 
Total no. 47 27 8 3 9 0 
(%) (57) (17) (6) (19) (0) 
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Figure 4. Photomicrographs of representative sections from coro-
nary arteries involved by periarteritis nodosa. a, Marked perivas-
cular/adventitial fibrosis, lymphoplasmocytic infiltrate and efface-
ment of medial architecture with obliterated elastic laminae (ar-
rows in a and b); b, intimal proliferation and inflammation with 
polymorphous infiltrate; c, polymorphous infiltrate predominantly 
lymphocytic and plasmocytic. (Movat's pentachrome stains [a and 
b], hematoxylin-eosin stain [c], magnification x 31 [a and b) and 
x 125 [c,) all reduced by 39%.) 
graphically corresponded to anatomic sites with severe lu-
minal narrowing, wall thickening and marked adventitial 
fibrous thickening at autopsy. 
Histologically, the coronary arteries had a polymor-
phous, predominantly lymphocytic infiltrate with some plasma 
cells present. The infiltrate was most pronounced in the 
markedly fibrotic adventitia. Multifocally, the media of the 
coronary segments was completely effaced and the intima 
was expanded by recent and organized luminal mural throm-
bus (Fig. 4). In the most severely affected coronary artery 
segments, the internal and external elastic laminae were 
completely destroyed (Fig. 4). 
Discussion 
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Our patient's clinical course and angiographic and ana-
tomic findings reflect the protean manifestations of vascu-
litis. They also emphasize the paucity of available infor-
mation either on angiographic features of coronary artery 
vasculitis or on morphologic features of periarteritis nodosa 
lesions. In this discussion, the general clinicopathologic 
correlates of periarteritis nodosa are addressed, and the rate 
reports of coronary angiography in periarteritis nodosa are 
reviewed. Etiologies of angiographic narrowing and aneu-
rysms of the coronary arteries are also compared. 
Previous clinical and necropsy series. In five series 
(4-8) (Table 2) including 283 patients (195 men and 88 
women) with the diagnosis of periarteritis nodosa confirmed 
by tissue histologic examination, fever and weight loss were 
the most common presenting features. Anemia was docu-
mented in up to 89% of these patients. More specific eval-
uations for immune complexes, hepatitis B surface antigen 
and rheumatoid factor were not done consistently. Cardiac 
involvement, as studied by Holsinger et al. (6), was char-
Table 2. Clinical and Autopsy Features of 283 Patients With Periarteritis Nodosa in Five Series Reported From 1951 to 1980 
First No. of Age 
Author Year Pis. M/F Range (yr) AP 
Griffith (8) 1951 17 14/3 30 to 72 18t 
Holsinger (6) 1962 66 47/19 8 wk to 26t 
79 yr 
Frohnert (4) 1967 130 86/44 6 to 75 2 
Travers (5) 1979 17 13/4 15 to 58 
Cohen (7) 1980 53 35/18 17 to 78 
Total 283 195/88 8 
Clinical Abnonnalities 
Cardiovascular (%) 
MI 
6 
4.5 
0.8 
2 
2 
AbECG 
94 
85 
71 
30 
CHF 
53 
57 
6 
47 
26 
27 
SH 
81 
67 
28 
71 
37 
Renal (%) 
Azo 
44 
28 
65 
26 
23 
Sed 
82 
76 
71 
40 
48 
PN*(%) 
23.5 
52 
59 
60 
40 
Skin (%) 
Nod 
11.7 
18 
9 
Ra 
11.7 
28 
65 
58 
28 
* = Includes mononeuritis multiplex and polyneuropathy; t = majority secondary to uremia; t = includes all causes of thoracic pain; § = 71 % 
received no treatment; ~ = % and site of biopsy resulting in diagnosis; ** = expected 5 year survival with treatment; tt = 30 of 130 patients died: 
no specific causes listed; H = % of biopsy done that demonstrated periarteritis nodosa; §§ = combination of renal failure and gastrointestinal etiology; 
~~ = survival with treatment (mean survival without treatment 8 months). Ab = abnonnal; AP = angina pectoris; Azo = azotemia; BiSp = biopsy 
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acterized by coronary arteritis in 62% and by evidence of 
myocardial infarction in 62%. Of those with myocardial 
infarction, 89% had periarteritis nodosa involvement of the 
coronary arteries. Angina pectoris was uncommon; how-
ever, congestive heart failure (27%) and systemic hyper-
tension (37%) were frequently seen. Angina was our pa-
tient's only symptom, with no evidence of systemic 
involvement by periarteritis nodosa either clinically or at 
autopsy. Those patients dying secondary to periarteritis no-
dosa in three studies (6-8) with partial or complete autopsy 
confirmation had an average survival of only 6 to 12 months 
after diagnosis. Cardiac and renal failure were the most 
frequent causes of death. 
Autopsy studies (6,8) have demonstrated that the epicar-
dial coronary vessels were involved in 30 (63%) of 48 pa-
tients, the remainder having only small intramural coronary 
artery involvement. No information is available regarding 
correlation of coronary angiographic findings to pathologic 
findings of periarteritis nodosa. Angiographic features of 
periarteritis nodosa in other organs include a documented 
incidence of aneurysms in 60 to 69% and arterial thrombosis 
in 81 % of patients (5, 10). The study by Travers et al. (5) 
did not show a correlation between any clinical variables 
and the presence of aneurysms in a given organ system. 
Clinical symptoms do not equate to classic angiographic 
changes, and angiographic involvement does not dictate 
clinical symptoms. The sensitivity of aneurysms in the an-
giographic diagnosis of periarteritis nodosa is also not con-
stant since rapid regression of documented aneurysms can 
occur in 2 months' time (l I). When present, however, the 
number of aneurysms visualized is usually more than 10 for 
each circulatory bed studied (5). 
Anatomic features. Periarteritis nodosa is found in less 
than 0.1 % of consecutive autopsies (8). The characteristic 
anatomic lesions of periarteritis nodosa are randomly located 
Table 2. (continued) 
Pathologic Findings 
Cardiovascular 
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throughout the vascular system; most involved are the kid-
ney (80%), heart (70%), liver (65%), gastrointestinal tract 
(50%), pancreas (25%), mesenteric artery (30%), skeletal 
muscle (30%) and peripheral nerves (20%) (9). The indi-
vidual arterial segments involved evolve through several 
morphologic stages during the course of periarteritis nodosa 
with not all lesions revealing the same histologic stage at 
the same time. 
During the acute stage of periarteritis nodosa, fibrinoid 
necrosis involving all three layers (intima, media and ad-
ventitia) is considered the initial step. The most severe changes 
are seen in the media with associated disruption of the in-
ternal elastic lamina. Inflammatory infiltration with neutro-
phils, eosinophils and lymphocytes is present, with spread 
to the adventitial and perivascular structures. At this stage, 
luminal thrombosis or aneurysmal dilation can take place. 
The size of the aneurysm is limited by thrombus formation 
within the subjacent vessel lumen or within the aneurysm 
itself. Classic nodosa lesions consist of aneurysms or areas 
of adventitial and perivascular inflammation, or both, sub-
tended by uninvolved or healing sites. As in our patient, 
the nodosa lesions may have an external appearance of an 
aneurysm but actually have profound luminal narrowing. 
Healing lesions, as present in our patient, undergo partial 
resolution of the acute inflammatory infiltrate, followed by 
proliferation of fibroblasts with progressive narrowing of 
the lumen by fibrous tissue. Healed lesions are characterized 
by marked fibrosis, occasional calcific deposits and plasma 
cells and lymphocytes scattered throughout the vessel wall. 
Although all historical information is not available, the 
laboratory data and autopsy findings in our case confirm 
involvement limited to the coronary arteries, and the mor-
phology is consistent with periarteritis nodosa. This along 
with the histologic appearance would differentiate this pre-
sentation from that of isolated coronary dissection associated 
First MI PAN-
Extracardiac PAN with BiSp (%) Cause of Death (%) 
Death Related 
to PAN (%) Author CA (%) Total Related (%) PDt(%) Skin T Mu Re Li Surv (%) CV Re GI 
Griffith (8) 41 7 71 29 82 35 29 6 100 
Holsinger (6) 62 41 89 33 75< 44 25 
6 mo§ 
Frohnert (4) 18 3 45~ 48 #2tt #1 #3 
5 yr** 
Travers (5) 50H 60 0 0 6 -18-§§ 
Cohen (7) 2 100 62H 67 55 50 55 2 13 45 
Total 5 yr~~ 
specimen; CA = coronary arteries; CHF = congestive heart failure; CV = cardiovascular; ECG = electrocardiogram; F = female; GI = gastrointestinal; 
Li = liver; M = male; MI = myocardial infarction; Mu = muscle; Nod = nodule; PAN = periarteritis nodosa; PD = pericardial disease; PN = 
peripheral neuropathy; Pts. = patients; Ra = rash; Re = renal; Sed = sediment; SH = systemic hypertension; Surv = survival; T = testicular. 
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Table 3. Comparative Etiologies of Coronary Artery Aneurysm and Narrowing 
Coronary Aneurysm 
I. Congenital (17%)(18)* 
Coronary Narrowing 
I. Congenital 
Idiopathic arterial calcification 
of infancy( 19) 
2. Degenerative - atherosclerotic (52%)(18) .... 1-----_ .. 2. Degenerative 
3. Dissection (11%)(18) 
Traumatic(l9) 
Iatrogenic( 19) 
(catHeter-induced) 
Atherosclerotic( 19) 
Stenosing medial hyperplasia(l9) 
3. Dissection 
Traumatic(19) 
Iaotrogenic( 19) 
(catheter-induced) 
Spontaneous(19) SponUineous(l9) 
Sponiliheous 
associated with 
eosinophilia (13) 
.... _--------_+_.. Spontaneous associated with 
eosinophilia (13) 
4. Inflammatory/infectious 
Syphilis (4%)(18) 
Mycotic (II % )(18) 
5. Inflammatory/immunologic 
PAN(19) 
SLE(21) 
Rheumatoid arteritis(19) .... _--------_+_ 
Rheumatic arteritis(24) .... ----------+-
Scleroderma( 21 ) 
Takayasu's arteritis(22) .... _--------_+_ .. 
Kawasaki's disease(19) .... _--------_+_ 
Hypersensitivity vasculitis(23) 
6. Metabolic 
Marfan's syndrome(23) 
Ehlers-Danlos syndrome( 19) 
4. Inflammatory/infectious 
Syphilis(20) 
Tuberculosis(20) 
5. Inflammatory/immunologic 
PAN(19) 
SLE(24) 
Rheumatoid arteritis( 19) 
Rheumatic arteritis(24) 
SCleroderma(21) 
Takayasu's arteritis(iO) 
Kawasaki's disease(19) 
Ankylosing spondylitis(20) 
Muscular dystrophy(21) 
Friedreich's ataxia(21) 
Temporal arteritis(19) 
6. Metabolic 
Hurler's syndrome(19) 
Hunter's syndrome(21) 
Fabry's disease(19) 
Homocystinuria( 19) 
Gangliosidosis(20) 
Pseudoxanthoma elastica( 19) 
Amyloidosis( 19) 
7. Other 
Coronary spasm or increased tone(19) 
Muscle bridging(19) 
TTP(19) 
Radiation( 19) 
Intimal hyperplasia and/or thrombosis 
associated with oral contraceptives or 
postpartum state( 19) 
Fibromuscular dysplasia( 19) 
Coronary tumor( 19) 
*Numbers in parentheses indicate reference numbers. Arrows = process capable of causing both coronary 
aneurysm and narrowing; PAN = periarteritis nodosa; SLE = systemic lupus erythematosus; TIP = thrombotic 
thrombocytopenic purpura. 
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with adventitial eosinophilic infiltration (12,13). The history 
mid symptoms also distinguish our patient from those with 
syndromes such as infantile periarteritis nodosa, now con-
sidered a form of Kawasaki's disease (mucocutaneous lymph 
node syndrome) (14,15). The history and physical exami-
nation would exclude rheumatoid arteritis, rheumatic arter-
itis or vasculitis secondary to drug exposure or intravenous 
drug abuse. The lack of giant cells and granulomas is in-
consistent with giant ceil arteritis, allergic angiitis or We-
gener's granulomatosis. The varying stages of the lesions, 
the marked adventitial involvement and the destruction of 
the internal elastic lamina seen in our patient distinguish the 
lACC Vol. 6, No.3 
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arteritic involvement from that of hypersensitivity vasculitis, 
Buerger's disease and allergic angiitis. Takayasu's disease 
would be an inconsistent diagnosis in view of the medial 
effacement, marked adventitial changes and the involvement 
of the distal epicardial vessels. 
Angiographic features. If one considers the pathologic 
progression of periarteritis nodosa lesions, an appreciation 
for the varied angiographic findings is possible. Evidence 
of inflammation can be inferred from luminal narrowing, 
luminal thrombus or aneurysms on angiograms. As in our 
patient, periarteritis nodosa can mimic severe atherosclerotic 
narrowing. The long, tubular smooth-margined stenoses of 
periarteritis nodosa are, however, unusual in appearance 
(Fig. la and b). A partial list of causes (Table 3) to be 
considered for coronary narrowing or aneurysm highlights 
the frequency with which coronary narrowing and aneu-
rysms occur in the same disease processes. The implication 
is that coronary narrowing or aneurysms can cause diag-
nostic confusion angiographically. 
Appreciation of coronary artery involvement by periar-
teritis nodosa has evolved through autopsy studies docu-
menting its presence. Although angiography has become a 
major diagnostic tool in the study of renal, mesenteric and 
hepatic vessels, coronary angiography has been adjudged 
"too dangerous" (16). The latter view is based on a report 
(17) of coronary aneurysm rupture, followed by pericardial 
tamponade and death. Since that time, only two patients 
have had presumptive delineation of coronary involvement 
by periarteritis nodosa on coronary angiography (2,3). Przy-
bojewski (3) described a 26 year old black man with a 2 
month history of chest pain whose evaluation revealed evi-
dence of a healed transmural anteroseptallateral myocardial 
infarct, anemia and histologic findings of periarteritis no-
dosa in a skeletal muscle biopsy. On catheterization of the 
right coronary artery, diffuse aneurysmal dilation without 
obstruction was present; the left anterior descending and left 
circumflex arteries had proximal stenosis with "normal" 
distal vessels. In another report, Pick et al. (2) described a 
26 year old black woman with chest pain and fever. Eval-
uation was significant for an acute inferior myocardial in-
farction, anemia and an elevated sedimentation rate. No 
recent viral illness or systemic disease was evident. Multiple 
epicardial and intramural aneurysms of the left anterior de-
scending, left circumflex and right coronary arteries were 
present on angiograms. The distal right coronary artery trib-
utaries in the area of the infarct were "pruned." Angi-
ography of the renal, celiac and superior mesenteric arteries 
and those of the legs did not reveal aneurysms. Skeletal 
muscle biopsy specimen was normal. 
Conclusion and significance. We believe that our pa-
tient is the first to be described with vasculitis with char-
acteristics of periarteritis nodosa involving the coronary ar-
teries documented by angiography and characterized at 
autopsy. Previous studies have established a wide disparity 
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between clinical features suggesting coronary arteritis and 
autopsy findings. With better understanding of the patho-
logic evolution of the vascular lesions and heightened aware-
ness of the possible angiographic presentations of periar-
teritis nodosa, the diagnosis of acute or chronic periarteritis 
nodosa of the coronary arteries will more often be considered. 
We give special thanks to Rachel Maley for her help in preparation of this 
manuscript and to Curtis Scribner, MD for his critical review. 
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